






Overview 


The LC7868E and the LC7869E are CMOS LSIs for signal 
processing and servo control in compact disk players, laser 
disk players, and CD-V and CD-I products. Only the digital 
filtering blocks differ between the LC7868E and the 
LC7869E. These products perform signal processing such 
as demodulation of the EFM signal from the optical pickup, 
de-interleaving, error detection and correction, and digital 
filtering that can contribute to end product cost reduction. 
Furthermore, these products also process commands from 
the system microprocessor directed at the servo system. 
These products also support direct interface with the Sanyo 
LC78815 and LC78816 serial input D/A converters. 


Functions 


* HF signals that are input are sliced at an accurate level, 

converted to EFM signals, and undergo phase- 

comparison with VCO for PLL playback at an average 

of 4.3218 MHz. 

Through external connection of a 16.9344 MHz crystal 

oscillator, all required timing signals can be generated 

on-chip, including the standard clock. 

Frame phase difference signals made from the playback 

clock and the reference clock can control the speed of 

the disc motor. 

Performs detection, protection, and interleaving of 

frame synchronization signals, ensuring stable data 

reading. 

Demodulates EFM signals and performs conversion to 

8-bit symbol data. 

Separates subcodes from EFM demodulation signals for 

output to an external microprocessor. 

After CRC checking, Q subcode signals are output to 

the microprocessor by the serial I/O interface (LSB-first 

output selectable). 

On-chip RAM performs buffering for EFM 

demodulation signals, as well as absorbing up to +4 

frames of jitter due to fluctuations in the speed of disc 

rotation. 

Performs unscrambling and deinterleaving for 

rearranging the EFM demodulation signals into the 

specified sequence, 

¢ Performs detection and correction of error signals, as 
wall es erar fina crocessing (double Cl and double C2 
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Digital Signal Processor for 
Compact Disc Players 


* The LC7868/69 sets the C2 flags by referencing the Cl 

flags and the C2 check result, and uses the C2 flags for 

signal interpolation and muting. The interpolation circuit 

performs a fourfold interpolation. The system forces the 

data to zero when the C2 flags are set four times in a row. 

Performs functions such as track jump, focus start, disc 

motor start and stop, muting on and off, and track count 

when the appropriate command is input from the 

microprocessor (8-bit serial input). 

Features on-chip digital out. 

Can perform the desired track counting. High-speed 

access is possible. 

Uses zero cross-muting. 

Oversampling and digital filtering provide a D/A 

converter signal with improved output data continuity 

LC7868E (4fsDF), LC7869E (8fsDF). 

* Supports all types of D/A conversion. 

¢ Built-in digital deemphasis 

* Features on-chip digital level meter and peak meter 
functions. 

* Supports bilingual function. 


Features 

* Compact and space-saving 64-pin QFP package 

« Silicon-gate CMOS design (low power dissipation) 
¢ Single 5 V power supply (suitable for portable sets) 
¢ DEMO pin for improved operability in adjustment 


Package Dimensions 
unit: mm 
3159-QFP64E 








D2593IN B8-0298, 0299 No 4520.) ~? 





me 7997076 


LC7868E, 7869E 











Block names in parentheses are 
for the LC7B69E. 
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Specifications 
Absolute Maximum Ratings at Ta = 25°C, Vgg = 0 V 


a OP 
Fee A PN ROSETTA 
PMamam nputvotage | Yuma f SSCS ds Wgg 88 Voy 03 |v 
Penman oubutvolage Vaux] SSCS gg 08 gg |_| 
a 
ee ee eke Sa AIR OEE TT TSC 
[Strageterperaue ———SSCSC~*~‘drCiS = CSCSCSCSCSCSCSCSCSC‘iCCC as |_| 


Allowable Operating Ranges at Ta = 25°C, Vos =0 V 


Supply voltage ee Ce 


Testi to 5, Al, FZD, HFL, DEMO, DFOFF, 
ha ee [fe 


Vi (2) | SBCK, RWC, COIN, 
EFUN eal eSeae eeea ae 
a as 


TEST1 to 5, Al, FZD, HFL, DEMO, DFOFF, 
Vir (1) ML, RES 0.3 an 


Viz (2) SBCK, RWC, COIN, COCK. 
eFun es ee eee 
ates a ve nee al 
CON, AWE: Feu eae a RE See aa 
AWG: Feu er os a aaa! eI 
Hoh owl ockpue wa | way | S80K COCR Foues Bands [eo Po 
Low level clock pulse width GOGK, SBCK: Figures 1, 2 and 3 | ato | tts 
Foueiznd3 ee i ee Tn 
AWG: Fue te ee 
[sabGreedaraie ane | “ggg | Pere ro RWC ol es ee 
Subse read oe ee aT See A a Lae A 
Subcode rad erable SRN CEA (OR 
Crystal oscillator frequency {X'tal Xin 16.9344 MHz 

top fa 
top) PAU Me 
ca ead ed | flop (2) [EFMIN:Vw2tVpp 
EFMIN: Vy 2 1 Vpp ee ae eee 


Electrical Characteristics at Ta = 25°C, Vgg = 0 V, Vpp =5 V 
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Input high level voltage 
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Input low level voltage 
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Al, EFMIN, FZD, TES, SBCK, COIN, 
COCK, RES, HFL, RWC, ML: Viv = Vp 





Input high level current 







Al, EFMIN, FZD, TES, SBCK, COIN, 
COCK, RES, HFL, RWC, ML: Vin = Vsg 


AO, PDO, EFMO, EFMO, CLV+, CLV-, 
FOCS, FSEQ, PCK, TOFF, TGL, THLD, 
JP+, JP-, EMPH, EFLG, FSX, V/P: 





Input low level current 







1 ONS perce 













Output high level voltage LASER, SQOUT, 16M, 4.2M, CONT, 


LRCLE, W5Q, C2F, OACLK, SFSY, LRSY, 























Vai) | SBSY.C82. BW, ROMOUT, C2FCLK, 
0H (3) | pFOUT (7 “7511, TEST9 (DATAR). TESTS 
HISYSCiv, Dum (TEST?), DFIN | | a | 
i Ion =-€ 5 mA : ! L | 
Pui names in pares Josaeieinelor o2. z fonre.. 
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Continued from preceding page. 













AO, PDO, EFMO, EFMO, CLV*, CLV-, 
FOCS, FSEQ, PCK, TOFF, TGL, THLO, 
JP*, JP, EMPH, EFLG, FSX, WP: 

lol = 1mMA 









LASER, SQOUT, 16M, 4.2M, CONT, 
LACLK, WRQ, C2F, DACLK, SFSY, LRSY, 
SBSY, CK2, PW, ROMOUT, C2FCLK, 
DFOUT (DATAL), TESTS (DATAR}, TESTS 
(SYSCLK), WCLK (TEST7}, OFIN: 

lop =2mA 


P Vout) [FStiign=Sma Ts 
PDO. FST: Vou = Voo ae a ee 
PDO, FST: Vo. = Vss es Eee ee 


Note: Pin names in parentheses are for the LC7869E. 





Output low level voltage 
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Figure 1 Command Input 
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Figure 2 Subcode Q Output 
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SFSY 


SB8CK 


PW 





A04658 


Figure 3 Subcode Output 


Pin Description 


Che [Nene [WO] OOSOCS~CSSSCSCSC~C gn SCSCSCSCSCSCSC*S 
za TEST1 a LSI test input. Normally unconnected. 


Pin for nput of the on-chip VCO output from the LA9210 (8.6436 MHz). Phase detector output (PDO) is phased output 
with the EFM signal, set so that frequency 1s raised by positive voltage. 
° 















Inputs 1 10 2 Vpp HF signal to EFMIN. Complementary EFM signal output is made from EFMO and EFMO via the 


are amplitude limiter. These are used for slice level control. 

cae ee a eo eae 
ea Disc motor control outputs. 
[12_| we | © _| Ourputie high wit constantiinear veloaty rough sero, andiow during phase contol 
| 13 | Focs | 0 | 
| 14 | fst {| 0 | 
ps {| Fz | 
p16 {| HEL | ! | Generates kick pulse, JP+, or JP- according to track jump command. Jumps the specified number of tracks (1, 2, 4, 
p17 | TES || 16, 82, 64, or 128). 

Pie | PoK | O | 43218MHZPCKmonitoroupu, 


FSEQ High when SYNC (true frame sync) detected from the EFM signal matches SYNC from counter (interleaving frame 
sync). (Single-frame latch output.) 


[a [torr] 0 
a | ta] 0 
[2 [m0 
aa [rest _[ 1] tStieatinput Nema rearrested 
eee pe a se ee ee eee 


} 25 | JPt | O | Generates kick pulse, JP+, or JP- according to track jump command. Jumps the specified number of tracks (1, 2, 4, 
16, 32, 64, or 128). 


25 [we [0 

a7 [BeMO | 1 | Sound ganeraion tneiontorseladuement SSS 
ae [testa [1 | ishestinput Nematy uncomeced 
20 [ EMP | © Deemphasis equredwhentigh 
[30 [DFOrF | 1 | Dialer owotl wich the teri Guabied when WispawRgh 


WCLK 
(TEST7) 
TEST8 
(SYSCLK) 
[sf trix | o_| 
TESTS 
(DATAR) 
.. | CEOUT 7 


roa AL 


Bh fe TAL) 


















Focus servo is switched off when FOCS is high. Lens is lowered by FST and raised gradually when FOCS is high. 
Generation of FZD resets FOCS. Used for focus servo control. 



























Generates kick pulse, JP+, or JP- according to track jump command. Jumps the specified number of tracks (1, 2, 4, 
16, 32, 64, or 128). 



















Signal outputs for the D/A converter, including latch, L/R switching, and sample and hold signals. 





LShtesturput. Norma 2 2 cnected 


Note. Pin rames in parentheses are for the LC786S=. Conunued on next page. 


easter aan Alain EnE Sonne tennrnmnen enema 
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Continued from preceding page. 


Description 


| 40 [| ROMOUT [ O | For output of CD-ROM interface signals. 
Ta | carcix [0 
C2F 


p42 | car | Oo | 
fas [Dour | 0 | OgwiGvrewa SSCSCSCSCSCSCSCSCSCSCSCSSSCSCSCSCSC*S 
Pas | Sasy | 0 | Subcode book syncwonizaionoupat SSCS 
[as | EFLG | 0 | Grand C2 single and double enor corectontag—SSCSCSCSCSCSCSSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCS*S 
[as | pw | 0 

47 SFSY (e) 
[ae] sack [1 
Pas FSx | 0 | 725k syrenronzaionsgraloupt——SSSCSCSC~S~CSCSCSCSCSSCSCSCSC*S 
[~so_[_wra | 0 
| st [ rwoe fot | WRQ goes high when Q subcode data passes the CRC check. Through external connection and sending of COCK, 
| s2 | saouT | o | caia Is read from SQOUT. Set MS8-firsvLSB-first 10 iow when data | in LSB-firsi format is oesired, 

Command is generated by sending output synchronized with COCK command data after setting microprocessor RWC 

es 
a A 
rss | wt [ 1 | SameastorsnssowseSSSCSCSSCSCSC“‘“CSNSCNCNSCSC“C(NCNN 
"s7_[ TASER | 0 | Perms convol via serial conval tom he misoprocessan SSCS 
[se [tem [0 | vesosewmeountpn SSCS 
[se [a2 | 0 | szmemHeoupupn SSCS 
80 CONT | 0 _| Perris convol wa serial conval rom he misoprocesson SSCS 
| 61 | Tests | 1 | LS! test input. Normally unconnected. 
| 62 { CS | 1 | Chip select pin. The LC7868/69 becomes active when this pin is low. (pull-down resistor built in) 
ee 16.9344 MHz crystal oscillator connection pins. 


Note: Pin names in parentheses are for the LC7869E. 


SFSY is subcode frame synchronization signal. P,Q, R, S, T, U, V, and W subcodes are read out by sending clock 
eight times to SBCK. 





Functional Description 
HF Signal Input Circuit (pin 8: EFMIN, pin 7: EFMO and pin 6: EFMO) 


An EFM signal (NRZ) sliced at the optimum level is obtained when the HF signal is input on EFMIN. 





404440 
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PLL Clock Regeneration Circuit (pin 4; PDO, pin 3: AI, and pin 2: AO) 


; 


vcoo ———____—__] 


PCK 





Poo <—— EFM (NAZI) 


LA9210 | 


A01444 


A PLL comprising a VCO can be made with an LA9210. Output from the PDO pin goes positive when the VCO phase is 
lagging. 


VCO Half-Frequency Clock (pin 18: PCK) 


This pin monitors a signal generated by dividing the VCO frequency by two. This signal has an average frequency of 
4.3218 MHz. 


Frame Synchronization Detector Monitor (pin 19: FSEQ) 


FSEQ is latched high for one frame when the frame sync (true synchronization signal) recovered from the EFM signal 
matches the sync timing generated by an internal counter. 


Servo Command Function (pin 51: RWC, pin 53: COIN, pin 54: CQCK and pin 62: CS) 
Commands can be input by setting RWC high and issuing the command synchronized to the CQCK clock from COIN. 


Focus start 

Track jump 

Mute control 1-byte commands 
Disc motor control 

Other control commands 


Track count ‘] 2-byte command 


1. 1-byte Commands 
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2. 2-byte Commands 


Rwec 





¥ Y ¥ t ¥ t ¥ YJ U U U t U V 1 V " if 
core SaaS Shee eaSeESeES 
f 4 4 f 3 J 4 y i a i! Lf 1 A a 1 p a 
Over 1 ps 
a01443 


The commands are executed on the falling edge of RWC. 


Focus Servocontroller (pin 13: FOCS, pin 14: FST, pin 15: FZD and pin 57: LASER) 


a Sc 


FOCUS START #1 
FOCUS START #2 


LASER ON - 
LASER OFF 
NOTHING 





1. Laser Control 





COIN 


LASER 





AQ1444 


2. Focus Start 


When a Focus Start command (either 1 or 2) is issued, the pickup lens is first lowered as C1 discharges through FST 
and then raised gradually as C1 is recharged by FOCS. FZD goes low when the focal point is reached, and FOCS is 
reset and the focus servocontroller turned on when this signal is received. 


After issuing this command, the microprocessor checks the DRF signal from the LA9210 to verify that focus has 
been reached, and advances to the next step. If C1 recharges fully before focus has been reached, the Focus Start 
command should be reissued to repeat operation of the focus servocontroller. 
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FST | | 


1 | *50Oms (240ms) 
Focs | A 
FZ0 } 


A044aS 
Note: If for Focus Start 2, the value in parentheses 1s in effect only when FST is low (unlike Focus Start 1). 


Notes: 1. The falling edge of FZD is not accepted when FST is low. 

2. After a Focus Start command has been issued, the focus servocontroller is reinitialized when RWC goes high. 
For this reason, a new command should not be issued until the S-curve for the focus coil drive has been 
completed. i 

3. If focus cannot be reached (i.e., the FZD signal does not go low), the FOCS signal remains high and the lens 
remains raised. In this case, the Nothing command should be issued to reinitialize the servocontroller. 

4. When the RES pin is set low, LASER is directly set high. 

5. Focus start using the DEMO pin is in mode 1. 





—_—__———————— 
| A01448 


00000100 DISC MOTOR START (accelerate) 
000001 0 1 DISC MOTOR CLV (CLV) 
00000110 DISC MOTOR BRAKE (decelerate) 
00000111 DISC MOTOR STOP (stop) 





The disc motor accelerates when CLV* is high and decelerates when CLV- is high. These outputs are selected by the 
motor mode commands issued by the microprocessor (accelerate, decelerate, CLV, or stop). The CLV+ and CLV- 
outputs for each mode are shown in the following table. 
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a 


Note: * For constant linear velocity servo control commands, the TOFF pin is low only in the CLV mode; otherwise it is high. Control of the TOFF pin by 
command is effective only in the CLV mode. 


DISC MOTOR 


Acd4aay 


1. CLV Mode 


* In the CLV (constant linear velocity) mode, the LC78681E detects disc speed from the HF signal and switches the 
internal DSP mode to perform various types of control for maintaining the correct linear velocity. The pulse-width 
modulation cycle is 7.35 kHz, and the 1/64 duty cycle is 1.114 s. V/P outputs high during rough servo and low 
during phase control. E 


Rot sewe tec ote) | High te ge 









2. CLV Control Gain Switching 


we (58 


1060101000 DISC 8 set 
10101001 DISC 12 set 





CLV control gain during rough switching for 8-cm discs can be set at 8.5 dB lower than for 12-cm discs. 


3. Internal Brake Mode 


Internal brake on 
Internal brake off 


Internal brake control 





* The internal brake mode is enabled when an Internal Brake On command (C5H) is input. Executing a Brake 
_ _.. command (06H) in this mode allows the deceleration of the disk to be monitored at the WRQ pin. 


* In this mode, the EFM signal density per frame can be counted to determine the status of disc deceleration. When 
"there are fewer than four EFM signals, CLV falls to low, and the WRQ pin simultaneously goes high to indicate that 

brakes is completed. The microprocessor issues a Stop command when it senses that the WRQ pin is high, thereby 
completing the stopping of the disc. 





* Note that if false deceleration state detections occur, changing the EFM signal count from 4 to 8 using the internal 
brake control command (A3H) may help in some cases. 
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emir [LIL UL UU LULU UU | | | 

06H command | ) 

5 nf 

cLy- ee, 


i 
wRO ' | 





Notes: 1. If focus is lost during execution of an internal brake command, it is necessary to first refocus and then input 
the internal brake command again. 
2. Due to the possibility of state determination crrors duc to the EFM signal playback state (¢.g., damaged disk 
or access in progress) we recommend that this product be used in conjunction with a microprocessor. 


Track Jump Circuit 
(pin 16: HFL, pin 17: TES, pin 20: TOFF, pin 21: TGL, pin 22: THLD, pin 25: JP* and pin 26: JP-) 


1. Internal Track Count 


The LC7868/69 supports two internal track counting modes, as shown in the table below. 


New track count (combination of TES and HFL) 

Standard track count (direct count of the TES signal) Re 
The standard track count uses the TES signal without modification as the internal track count clock. In order to 
reduce counting errors due to noise on the rising and falling edges of the TES signal, the new track counter 
suppresses this noise through combination with the HFL signal, enabling an accurate track count. However, if the 


HFL signal is lost because of foreign matter or scratching on the disk, no track count pulse may be generated. For 
this reason, caution is required when using this mode. 








a a eR tN A 
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2. Track Jump Commands 


1 TRACK JUMP IN #1 
1 TRACK JUMP IN #2 

1 TRACK JUMP IN #3 

2 TRACK JUMP IN 

4 TRACK JUMP IN 

16 TRACK JUMP IN 

32 TRACK JUMP IN 

64 TRACK JUMP IN 

128 TRACK JUMP IN 

1+ TRACK JUMP OUT #1 
1 TRACK JUMP OUT #2 
1 TRACK JUMP OUT #3 
2 TRACK JUMP OUT 

4 TRACK JUMP OUT 

16 TRACK JUMP OUT 
32 TRACK JUMP OUT 
64 TRACK JUMP OUT 
128 TRACK JUMP OUT 


TOFF 
TON 
TRACK JUMP BRAKE 





cc (+) | | ; 
UP+ (=) | 

BKEA - —— Ce 
TGL 


a01449 


When a track jump command is issued to the servocontroller, an acceleration pulse is generated (a period), followed 
by a deceleration pulse (b period) and braking (c period), completing the specified jump. TES and HFL input during 
braking detects the direction of beam slippage, and the portion of the TE signal that compensates for slippage is cut 
off by TOFF, which, together with boosting of the servo gain by TGL, supplements the destination track for the 
jump. 





Note: Of the disc motor control outputs, the TOFF pin is low in the CLV mode, and high in the Start Stop, and Brake 
modes. TOFF can also be independently switched on or off by the microprocessor. However, disc motor control 
is enabled only in the CLV mode. 
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3. Track Jump Modes 


The relationship between acceleration pulses, deceleration pulses, and brake periods is shown in the following table. 


eG ee eee ee 
TTR [me dies edd dd 
FITRAGK JUMP IN(OUT}#2 [OSvaciimp _[200u3 _|2ems__[osvackume | apeoa | 2ems___—| 
PaTRACKJUMPINTOUT) | 2veckme _[466ns [Zens | @vackimp | aperca [dame | 
[STRACK JUMP (OUT) [Siaekiome _[7wackiunp [2ems | @vackume | aporoe | 24me____| 
Fea TRACK JUMP (OUT) [Sevack imp | Zewackume _[2ms | Se-wackwume | 2-vackiune | 2ame____| 
[128 TRACK JUMP IN (OUT) [72irackump [Seweckiume | 2¢ms____| 72vackiup | S6vackiump | 24me___| 


TOFF goes high after 256 tracks are TOFF goes high after 256 tracks are 
jumped. The a and b pulses are not 24 ms jumped. The a and » pulses are not 
Output. 


TRACK JUMP BRAKE There are no a or b periods. 





















256 TRACK CHECK 








output. 


Notes: 1. The actuator drive signals are not generated for the 256-track Check. instead issuance of a feed motor signal ts required because the TES signal 
is in the track-count mode and the tracking servocontroller is off. : 
2. The servocontroller register is automatically reset after one a, b, and ¢ track jump sequence. 
3. When a new track jump command is issued while a previous command is still being’processed, the new command is executed immediately. 








T.E. T.Coil 


A01450 


Track Count in 
Track Count Out 
2-byte COMMAND RESET 





A Track Count In or Track Count Out command followed by a binary number between 16 and 254 can be used to 
start track counting for the specified number of tracks. 


Awe 





Command 





Track Count In/ Binary input of desired Two-byte Command Reset Brake command 
Out command track number 
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Notes: 1. The fall of RWC when the desired number of tracks is input in binary format starts the track count. 

2. During track counting, TOFF is high and the tracking servocontroller is turned off. For this reason, issuance 
of a feed motor signal is required. 

3. The Track Count In and Track Count Out commands cause the WRQ signal to change from the Q subcode 
standby monitor when normal to the track count monitor. WRQ goes high at half the track count and low 
again at the end of the count. The microprocessor monitors WRQ to detect track count completion. 

4. When a 2-byte Command Reset command is not issued, the track count starts again. For example, to advance 
20,000 tracks, the microprocessor can set the track count number to 200 and wait 100 WRQ pulses. 

5. The Brake command is used to bring the pickup to the track when counting is finished. 


Error Flag Output (pin 45: EFLG and pin 49: FSX) 


One correction | | | | 
Two corrections | | | | | | 


* 
Uncorrectable | | | | | | | | | | | 


No error 


4014452 


The 7.35 kHz FSX frame synchronization signal is divided down from the reference clock. The status of error correction 
in each frame is output on EFLG, as shown in the figure, where the number of high pulses in each FSX period indicates 
the quality of the replay signal. 


P, Q, and R through W Subcode Output Circuit (pin 46: PW, pin 44: SBSY, pin 47: SFSY and pin 48: SBCK) 


PW is the subcode signal output pin. The falling edge of SFSY starts the 136 ys period during which SBCK is clocked 
eight times, allowing all codes — P, Q, and R through W — to be read. The signals appearing at the PW pin change with 
the rising edge of SBCK. When SBCK is static, the P code is input to PW. SFSY is the signal output for each subcode 
frame, and the rising edge of this signal indicates standby status for output of the subcode symbols (P through W). 
Subcode data P if output simultaneously with the falling edge of this signal. 


SFSY | | | 

SBCK | | | | | | | | | | | | | | | | 

Pi ro KeX oe Kn Xs Xr Xu Xv fw froher - 
AP A A h A \ ieee A \ 
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SBSY is output for each subcode block. It is high during the SO and S1 synchronization cycles. Its falling edge indicates 
the end of synchronization and the start of EIAJ-format data within the subcode block. 
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Q Subcode Output Circuit 
(pin 50: WRQ, pin 51: RWC, pin 52: SQOUT, pin 54: CQCK, pin 56: M/L and pin 62: CS) 


00001001 ADDRESS FREE 
10001001 ADDRESS 1 


Q subcode data can be read from the SQOUT pin by clocking the CQCK pin. 





Of the 8-bit subcode data, the Q signal is effective for operations such as song access and display. WRQ is high only 
when the block CRC is correct and the address in the Q subcode format is 1*.When the microprocessor senses that WRQ 
is high and issues COCK, data can be read from SQOUT in the sequence indicated below. When CQCK is activated, the 
DSP disables internal register updating. When the microprocessor finishes reading data, it briefly sets RWC high to 
reenable data updating and resets WRQ low. CQCK should start to oscillate in the 11.2 ms period during which WRQ is 
high. Data can be read in LSB-first format when M/L is low and in MSB-first format when it is high. 


Note: * This condition is ignored when the Address Free command is issued. (The Address Free command is used in 
CD-V applications.) 


$+ Mis high 
A CMLis low 


TNO , 


INDEX (POINT)* 
SEC 
FLAME 
AMIN (PMIN)*/PKMIN 
ASEC (PSEC)*/PKSEC 
AFLAME (PFLAME)*/PKFLAME 
LVM data/PKM data 
LVM data/PKM data 


Note: * Items in parentheses are for the disc lead-in area. 






















The order of data 
output remains 
unchanged whether 
M/L is high or low. 









LVM/PKM 
16-bit data 
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AOR | 


| CONT AFLAME 
eee | 
| Q subcode data | Level meter or peak meter data. | 
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Notes: 1. The WRQ pin normally indicates Q subcode standby status, but provides different information during the Track Count mode or intemal braking. 
(See the sections on track counting and internal braking.) 


2. The LC78681E 1s active when CS 1s low, with output from SQOUT. SQOUT is in the high-impedance state when the CS pin is high. 
Reading Level Meter (LVM) and Peak Meter (PKM) Data 
[ommend SSC™~dCSCS~C“C~iES wd 
PKM set (LVM reset) 
: LVM set (PKM reset) 
001011 PKM mask set 
0010141 PKM mask reset oO 


1. Level Meter (LVM) 










* The Level Meter mode is enabled by inputting the Level Meter Set command (2CH). 


» Level meter data is 16 bits, and is composed of 15 bits of absolute-value data and an MSB indicating left-right 
polarity. Data is for the left channel when the MSB is high and for the right channel when low. 


» Level meter data is appended at the end of 80 bits of Q subcode data, and can be read from the SQOUT pin by 
clocking the CQCK pin 96 times. The left and right channels are swapped each time that level meter data is read. The 
left and right channels are independent, and the highest value read for each of the channels is held. 


2. Peak Meter KM) 
° The Peak Meter mode is enabled by inputting the Peak Meter Set command (2BH). 


* Peak meter data is 16 bits, and is composed of 15 bits of absolute-value data and an MSB fixed at 0. The maximum 
value is detected with no regard for right or left channel. 


» Peak meter data is read in a manner similar to that for level meter data. However, data is not updated by further 
reading. 


* The absolute time for Q subcode data when in the Peak Meter mode is issued while holding the absolute time 
(ATIME) that is detected after generation of the maximum value. (Relative time is normal operation.) 





* Issuing a Peak Meter Mask Set command causes values larger than the maximum value already in memory to be 
ignored, even when this command is issued in the Peak Meter mode. This is canceled by the Peak Meter Mask Reset 
command (used in peak searches for songs in memory). 
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Mute Control Circuit 


00000001 Mute 0dB 


0000001 0 Mute -12 0B 
00000011 Mute «dB 





Volume can be reduced by 12 dB (MUTE -12 dB) or muted fully (MUTE © dB) by issuing the commands shown above. 
Muting switches at zero crossings to prevent switching noise on the audio output. A zero crossing is judged to be any 
data where the upper seven bits are all 1 or all 0. 


Bilingual Function 


Po Command ES tow 


00101000 STO CONT 


00101001 Lch CONT 
00101010 Reh CONT 





¢ The left and right channels are output to the left and right channels when reset or when the Stereo command (28H) is 
issued. 


* Left channel data is output to both the left and right channels when the Left Channel Set command (29H) is issued. 


° Right channel data is output to both the left and right channels when the Right Channel Set command (2AH) is 
issued. 


Deemphasis Control (pin 29: EMPH) 


The preemphasis on/off bit in the Q subcode data is output on EMPH. Deemphasis is required when EMPH is high. 


SB ise onan ie 


The LC7868/69 includes a digital deemphasis circuit in the Difil block. On reset, the IC enters a mode in which the 
internal deemphasis is used. If an external deemphasis circuit is added, issue the DEP OFF command described above. 


D/A converter interface; Pin 30: DFOFF, pin 31: WCLK (TEST7), pin 32: TEST (SYSCLK), pin 33: LRCLK, 
pin 34: DFOUT (DATAR), pin 35: DFOUT (DATAR), pin 36: DACLK 


Data for the D/A converter is output from DFOUT MSB first, synchronized with the falling edge of DACLK. 


DF FORM IIS 
DF FORMLC78815 


DOF FORM B.B 
CD-ROM XA 
CONT and CD-ROM XA reset 





When the CD-ROM XA command listed above is issued, data for which neither interpolation nor muting is performed is 
output from DFOUT. This is for use with CD-ROM XA applications. Note that the CD-ROM XA reset is shared with 
the CONT reset (pin 60). ? 
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(SYSCLKD 
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P34 TES*S 
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Output for CD-ROM (pin 39: CK2, pin 37: LRSY, pin 40: ROMOUT: pin 42: C2F and pin 41: C2FCLK) 


Data from the ROMOUT pin which is synchronized with the LRSY signal is output in MSB-first format. Because this 
data has not been processed by either the interpolation, previous-value hold, or digital filtering circuits, it is suitable for 
CD-ROM IC input. CK2 is a 2.1168 MHz clock, and data is output on its rising edge. C2F flags 8-bit units of data, and 
is synchronized to C2FCLK. 


LC89510-LC7868/69 Interface 


46470 1 2 7 8 § 1044412131415 15171819 20 21 2223 24 25 26 3139233 343553637 363940 4142434445 4647 0 1 





car I ) MSBC2fiag | LSB C2 fiag { \\ MSBC2flag | LSB C2 flag 
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Digital Audio Out Circuit (pin 43: DOUT) 


This is the output pin for the digital audio interface, with output in EIAJ format. The signal is output after interpolation 
and muting. This output pin has a built-in driver, and can drive a transistor directly. 





91000000 UBIT ON 
01000001 UBIT OFF 


* The digital out pin can be fixed low by issuing the DOUT OFF command. 


¢ The UBIT data in the DOUT data can be fixed at 0 by issuing the UBIT OFF command. 


Control Pin (pin 60: CONT) 


MSB i568 corm SCSC~*dSCSC“‘“~*‘iR ES w= 










The CONT pin can be set high by issuing the CONT Set command. 
Crystal Oscillator (pin 63: Xjy and pin 64: Xoyyz) 


LSB Command 


OSC ON 
OSC OFF 





- VCO8M 
VCO 16M 
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A 16.9344 MHz crystal oscillator is attached at these pins to form the time base clock. 
The OSC OFF command tums off both the crystal oscillator and the VCO. The table below shows the relationship 
between the crystal oscillator and the VCO. 


63 64 


X*tal 
em 16.9344MHz 
a 


i 


Cout 


—_Il— 


A014489 


Externa! comoonents 


16.9344 MH2 8.6436 MHz 17.2872 MHz 


Recommended crystal oscillator constants 


CITIZEN WATCH CO., LTD. CSA-309 (16.9344 MHz) 6 pF to 10 pF (Cin = Cout) 





4.2M and 16M Pins (pin 59: 4.2M and pin 58: 16M) 


The 16.9344 MHz buffer output from the 16.9344 MHz crystal oscillator is output from the 16M pin. This signal is 
divided by four to generate a 4.2336 MHz signal, which is output from the 4.2M pin. When the oscillator is not operating, 
these pins are fixed to either high or low. 


Reset Circuit (pin 55: RES) 


This pin should momentarily be held low after power-on before being driven high. This is set to -co dB for muting or to 


STOP for the disc motor. 
OFF 
New 



















Track jump mode 


The states shown above in boxes are set directly when RES is low. 





55 
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Audio Output for Calibration (pin 27: DEMO) 






min 30s8 
AWC 
OEMO 
Set directly 

CLY Constant linear velocity mode 

Conditions under which FOCS goes low 

@ When focus 's pulled in and the FZD pin has gone to zero. 
MUTE @ When the RES pin is low or the RWC pin is high 


L 
| Therefore, when setung 


DEMO high, RWC must 
FocSs | | be low 


s50ms @ DEMO pints low 
t oe 


, 
FST 4 


| AOL 454 


Setting this pin high sets muting to 0 dB and the disc motor to constant linear velocity, even when the microprocessor 
issues no command, and activates focusing. Because this also makes the LASER pin active, EFM signals and audio 
output can be obtained without the microprocessor as long as the mechanism and servo are hooked up correctly. 


Other Pins (pin 1: TEST1, pin 9: TEST2, pin 23: TEST3, pin 28: TEST4, pin 61: TESTS and pin 37: DFIN) 


These are test pins for the internal circuitry of the LC7868E and the LC7869E. TESTI through TESTS have internal 
pull-down resistors. The test inputs can be left open during normal operation. 


Description of Block Operation 
1. RAM Address Control 


The LC7868 includes an 8 bit by 2 kword RAM on chip. This is used as a +4 frame buffer memory for the EFM 
demodulated data jitter compensation function, which is implemented using address control. The buffer controller 
constantly monitors buffer free space and adjusts the CLV servocontroller divider ratio to keep the data write address 
in the middle of the buffer (i.e., at zero). If the +4-frame limit is exceeded, the write address is forced to +0, and the 
output is muted for 128 frames because the resulting error cannot be handled by normal error processing algorithms. 


Force 










Division ratio or Se 
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C1 and C2 Error Correction 


After EFM demodulation, data is written to the internal RAM, jitter is absorbed, and the processing described below is 
carried out under uniform timing according to the crystal clock. First, the C1 stage involves error detection and 
correction, determination of the C1 flags, and writing to the C1 flag register. Next, the C2 stage involves error detection 
and correction, determination of the C2 flags, and writing to the intemal RAM. 


C1 flag Error correction and flag processing 


No errors No correction required Flag reset 
1 error Correction Flag reset 


2 errors Correction Flag set 
3 errors or more Correction not possible Flag set 





C2 flag Error correction and flag processing 


No errors No correction required Flag reset 
Correction Flag reset 
Depends on C1 flags"! 
3 errors or more Depends on Ct flags’? 


Notes: 1. If the error posions determined in the C2 stage match the C1 flags, correction is carried out and the flags are reset. However, if there are seven 
or more C1 flags, no correction is made (because of the danger of erroneous correction), and the C1 flags are taken as the C2 flags without 
change. If one error position matches but another does not, correction cannot be performed. Moreover, if there are five or fewer C1 flags, the 
results of the C1 stage may be incorrect, and the flag is set. If there are six or more, the situation is handled as uncorrectable, and the C1 flags 
are taken as the C2 flags without change. Correction is not possible if even only one error position is different, and the flags are set even if there 
are two or fewer C1 flags, because such data may be erroneous even if it passes the C1 stage. Otherwise the C1 flags are taken as the C2 flags 
without change. 

2. If there are three or more errors and correction is determined 10 be impossible, no correction is made; if there are two or fewer C1 flags, data 
which passes the C1 stage may still be corrupt, and so the flags are set. Otherwise the C1 flags are taken as the C2 flags without change. 












1 error 









2 errors 
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